Present communication was aimed to investigate the effect of excipients on buoyancy and drug release properties from the floating tablets. Gastroretentive floating tablets were developed by the wet granulation method using hydroxypropyl methylcellulose (HPMC K4M), carbopol 934P and carbopol 971P as a rate controlling polymers and crospovidone as a dissolution enhancer. Sodium bicarbonate and citric acid were used as a gas generating agent. PVP K30 was used as granulating agent. The effect of formulation variables on tablet performance was examined quantitatively based on buoyancy properties, swelling behavior and drug release profiles. The drug release mechanism was investigated using mathematical models. It was found that HPMC/carbopol matrices at 1:1 ratio with crospovidone and sodium bicarbonate gave sustained and better drug release profile upto 24 h when compared to HPMC or carbopol matrices alone. The mechanism of drug release was found to be anomalous non Fickian.
INTRODUCTION
Oral route has variable and versatile physiological conditions, which enables development of oral formulations that can selectively release the medicament for optimal therapeutic benefit (1). Conventional drug delivery systems are unable to maintain the drug concentration within the therapeutic range. In case of conventional therapeutic systems, it is often necessary to administer the dosage form several times a day which may result in significant fluctuation in plasma drug concentration. The basic rationale for the development of gastroretentive controlled release drug delivery system is to maintain the drug concentration within the absorption window, reducing the number of administrations and to improve the efficacy of drugs (2) . Floating drug delivery systems are less prone to the gastric emptying, resulting in reduced intra and inter-subject variability (3) . While the system is floating, the drug is released in a controlled manner from the delivery device. The released drug will have whole surface area of the upper segment of gastrointestinal tract for absorption, and thus the absorption of the drug can be enhanced (2) . Various gastroretentive dosage forms such as bioadhesive or mucoadhesive systems, dual working systems, high-density systems, expandable systems, floating systems, magnetic systems, and superporous hydrogel systems have been designed to improve the oral bioavailability of drugs by increasing the gastric residence time of dosage form. Considerable attention has been given for the development of a gastroretentive controlled release system using buoyancy mechanism. Floating systems do not bind with gastric mucosal surfaces and reduce the safety problems associated with mucoadhesive systems. Drug delivery systems based on gastroretention mechanisms are not suitable for those drugs which cause gastric lesions such as, non-steroidal antiinflammatory agents (4) .
Ofloxacin, poorly soluble drug in alkaline pH with pKa of 7.1, exhibits pH dependent solubility profile in digestive fluid (5) . Requirement of acidic pH for the optimum absorption of ofloxacin reflects its ideal candidature for development of floating drug delivery system. Based on the above facts, the present study was aimed to investigate the effect of various excipients on floating tablet properties which will increase the gastric residence time and release drug in the proximal gastrointestinal region.
MATERIALS AND METHOD

Materials
Ofloxacin was received as a gift sample from Wockhardt Ltd., Aurangabad, India. Hydroxypropyl methylcellulose (HPMC K4M) was obtained as a gift sample from Colorcon Asia Pvt Ltd., Goa, India. Crospovidone was obtained as a gift sample from Signet Chemicals, Mumbai, India. Carbopol 934P and 971P were obtained as a gift sample from Lubrizol, Cleveland, USA. Sodium bicarbonate, citric acid, PVP K30, magnesium stearate and talc were purchased from SD Fines, Mumbai, India.
Methods
Fabrication of floating tablets
Floating tablets were prepared by wet granulation method. Weighed amounts of various polymers and 400 mg of the drug were thoroughly mixed and passed through sieve no. 40 (Table 1 and Table 2 ). Wet granulation was done using PVP K30 solution in isopropyl alcohol (5% w/v). The wet mass was passed through sieve no. 20 and dried in a hot air oven at 40°C. Dried granules were lubricated using magnesium stearate and talc and compressed into caplet sized tablets using 19.2 X 9.4 mm size punch in a rotary tablet press (Rimek Mini Press 1, Karnavati, Ahmedabad, India). Ofloxacin  400  400  400  400  400  400  400  400  400  400  400   HPMC K4 M  100  150  200  250  200  200  200  200  200  200  200   Sodium bicarbonate  30  30  30  30  50  70  100  30  30  30  30   Crospovidone  20  20  20  20  20  20  20  20  20  50  100 Citric Acid - Ofloxacin  400  400  400  400  400  400  400  400  400  400  400  400   HPMC K4 M  ------100  100  100  100  70  70   Sodium bicarbonate  --30  30  50  50  30  30  30  30  30  30   Crospovidone  --------50  50  50  50   Carbopol 934 P  200  -200  -200  -100  -100  -130  -Carbopol 971 P  -200  -200  -200  -100  -100  -130 Evaluation of floating tablets
Determination of assay
Six tablets from each batch were weighed and powdered using a glass mortar and pestle without any material loss. Powder equivalent to the average tablet weight was accurately weighed, transferred into a 100 ml volumetric flask and dissolved in 0.1 N HCl (pH 1.2). For complete drug release, the mixture was agitated for 24 h at 37 ± 0.5°C. After 24 h, the sample was filtered and analyzed using a UV spectrophotometer (UV 3000 + , LabIndia Instruments, Mumbai, India) at 293 nm after suitable dilution.
Physical characterization
The fabricated tablets were characterized for weight variation, hardness using Monsanto hardness tester, friability using USP friabilator (EF-2, Electrolab, Mumbai, India) and thickness using a digital screw-gauge micrometer (Mityato, Japan).
Determination of density
The tablet density was determined by displacement method using benzene as a displacing medium. A plethysmometer was employed to measure the tablet density. The instrument was calibrated using benzene (density 0.8723 g/cc) for its volumetric capacity. Briefly, the benzene was filled up to the mark in capillary of instrument. Subsequently, five tablets of known weight were dropped in the wide mouth of plethysmometer. The system was kept undisturbed for 1 min to displace air by benzene from the tablets pores. The displacement in benzene volume was noted. Knowing the weight and volume occupied by the tablets, density of five tablets was determined (6) .
Determination of buoyancy properties
The time taken by the tablet to emerge on surface of the medium (floating lag time) and duration of the tablet to constantly remain on surface of the medium (total floating time) were investigated using USP 24 type II dissolution apparatus at 37±0.5°C in 900 ml of 0.1N HCl. Total six measurements were taken from each batch (n=6) (7).
Determination of swelling index
Ofloxacin floating tablets were weighed individually (W 0 ) and placed in 900 ml of dissolution medium (0.1 N HCl). The temperature was maintained at 37±0.5°C. On saturation, the tablets were removed and swollen tablet weight (W t ) was determined. The percentage swelling index was calculated by (8) :
In vitro release study
The release of ofloxacin from floating tablets was studied using USP dissolution apparatus II. The release studies were carried out in 900 ml of 0.1N HCl (pH 1.2) at 100 rpm. The temperature was maintained at 37±0.5°C. Aliquots (5 ml) were withdrawn at predetermined time intervals of every 1 h for the first 4 h followed by every 2 h interval till 12th h and then at every 4 h interval till 24th h. The sink condition was maintained by replacing an equivalent amount of dissolution medium after each sampling. The samples were analyzed using a UV spectrophotometer (UV 3000 + , LabIndia Instruments, Mumbai, India) at 293 nm. The sampling was done in triplicate from each batch (9) .
Analysis of drug release kinetics
To study the drug release kinetics, the dissolution data were plotted in various kinetic models: zero order as the cumulative amount of drug released against time, first order as the log cumulative percentage of drug remaining against time. The drug release mechanism was determined using Higuchi's model as a cumulative percentage of drug released against the square root of time (10) and Korsmeyer model as a log percentage of drug released against log time. The in vitro drug release data were statistically analyzed by two-way analysis of variance (ANOVA). The p value of <0.0001 was considered as statistically significant.
RESULTS AND DISCUSSIONS
Assay
The drug content in all the formulations was in the range of 99.11 to 101.23%. This ensured the uniformity of drug within the tablet.
Physical characterization
Weight variation data indicates no significant difference in individual tablet weight from the average weight. Tablet hardness was observed within the range of 3.1±0.134 to 4.2±0.152 kg/cm 2 . Friability of all the formulations was below 1%, which indicates good mechanical strength of the tablets (Table 3) .
Tablet density
Apparent tablet density was found to be in the range of 0.651±0.090 to 0.989±0.049 g/cm 3 , except formulation FC 1 and FC 2 . High densities of formulation FC 1 and FC 2 might be due to the fact that carbopol is less porous in nature and thus the tablet had a higher bulk density than other polymers used. The density of tablets was decreased by an increased amount of HPMC, crospovidone and sodium bicarbonate. The variation in tablet density might be due to the difference in the porosity of polymers used.
Buoyancy properties
All the formulations (except formulation FC 1 and FC 2 ) had a short floating lag time due to the presence of sodium bicarbonate. Formulation FC 1 and FC 2 had more than 45 min floating lag time and showed practically no floating behavior. An increase in the sodium bicarbonate amount from 0 mg to 30 mg in carbopol matrices reduced the floating lag time. Decrease in floating lag time was observed with the incorporation of HPMC K4M and crospovidone to the carbopol matrices (formulation FC 7 to FC 12 ). After an initial floating lag time, all the tablets were floating uniformly for a prolonged period of time. This may be due to the entrapment of carbon dioxide gas within the tablet gel matrix formed by the hydration of HPMC, carbopol and crospovidone. Higher buoyancy duration of carbopol containing tablets may be due to the less swelling of carbopol and entrapment of CO 2 gas in the carbopol gel layer. More floating lag time of carbopol containing tablets may be due to the higher density of carbopol.
Swelling index
The swelling nature of polymer affects the dissolution behavior. Thus, in the present investigation, the swelling behavior of tablets was determined using water uptake approach. The polymer in tablet matrix undergoes simultaneously swelling, dissolution, and diffusion into the bulk medium, resulting in reduction of strength and erosion of the matrix (11, 12) . In the present study, complete swelling was achieved at the end of 8 h (Figure 1 A and Figure 1 B ). An increase in tablet swelling was observed with an increase in HPMC concentration (formulation FH 1 to FH 4 ). Significant increase in swelling of the tablet was observed with an addition of crosspovidone. When the concentration of crospovidone was increased from 20 mg (formulation FH 3 ) to 100 mg (formulation FH 11 ), the tablet swelling was increased from 216.89% to 259.34%. It was due to the controlled and high swelling of crospovidone in the presence of water soluble hydrophilic polymer. Carbopol matrices showed limited changes in the percentage swelling when compared to HPMC matrices. Pure carbopol matrices, formulations FC 1 and FC 2 showed 52.76% and 53.87% swelling, respectively. Addition of sodium bicarbonate in carbopol matrices increased swelling of tablets. This might be due to the entrapment of CO 2 gas in the carbopol gel layer. Carbopol/HPMC matrices containing sodium bicarbonate showed an increased swelling as compared to the formulations containing pure carbopol. Such swelling behavior could be due to the hydrophilic nature of the HPMC and entrapment of gas within the gel matrix. With the addition of crospovidone in Carbopol/HPMC matrices (formulation FC 9 and FC 10 ), higher percentage swelling was observed. Further increase in Carbopol concentration in Carbopol/HPMC matrices decreased the percentage swelling due to decrease in hydrophilic polymer (HPMC) concentration. 
In vitro release study
Ideally, an extended-release tablet should release the the drug in a predetermined and reproducible manner. In vitro dissolution studies were aimed to investigate the effect of gas generating agent and polymer type and concentration on the release behavior of ofloxacin from the floating tablets.
Effect of HPMC concentration on drug release
Tablets prepared using HPMC K4M alone showed sustained drug release for 12 to 20 h. The drug release from tablets containing HPMC K4M (100 mg) showed 99.97% drug release at the end of 12 h. The more sustaining effect was observed with an increase in HPMC K4M concentration from 100 mg to 250 mg. Percentage cumulative drug release after 4 h was found to be 53.2%, 50.32%, 42.53% and 36.66% from formulation FH 1 , FH 2 , FH 3 and FH 4 , respectively ( Figure 2 ). This effect on drug release profile might be due the increase in resistance of gel layer caused by greater intimate contact between the particles of HPMC which results in decreased mobility of insoluble drug particles in swollen matrices, which led to decreased release (13). 
Effect of effervescent agents on drug release
Sodium bicarbonate and citric acid act as effervescent agents that generate CO 2 gas when the tablet comes in contact with an aqueous acidic medium. CO 2 gas entrapped into the matrices of water soluble polymers and leads to up word movement of tablets thus tablets floats on acidic medium. As the concentration of sodium bicarbonate increased in formulations FH 3 (30 mg), FH 5 (50 mg), FH 6 (70 mg) and FH 7 (100 mg), the drug release was found to be decreased at the end of 4 h (Figure 3 A) . This effect may be due to the pH dependent solubility profile of ofloxacin. Ofloxacin is more soluble in acidic medium as compared to alkaline medium.
Increase in concentration of sodium bicarbonate created an alkaline micro-environment, thus more sustained effect was observed. The results are in concordance with the finding of earlier researchers (14) . Effect of citric acid is shown in figure  3 (B) . An increase in the concentration of citric acid led to the more burst drug release as compared to the formulation without citric acid. Formulations containing citric acid FH 8 (20 mg) and FH 9 (40 mg) showed faster drug release at 4 h that was 53.17% and 56.81%, respectively compared to FH 3 (0 mg) 42.53%. But, citric acid led to the dimensional stability problems of tablets, thus citric acid was not use in the further formulations.
The addition of 30 mg of sodium bicarbonate to pure carbopol matrices led to increase in the floating properties of the tablets and increase in the drug release. As the concentration of sodium bicarbonate increased from 0 mg (FC 1 and FC 2 ) to 30 mg (FC 3 and FC 4 ), the percent cumulative drug release was increased from 41.75% and 41.53% to 63.33% and 63.02, respectively at the end of 12 h. Further increase in sodium bicarbonate concentration led to decrease the percentage cumulative drug release. This might be due to the alkaline micro-environment caused by the increased concentration of sodium bicarbonate. At the end of 12 h the drug release was found to be 59.54% and 58.93% for the formulation FC 5 and FC 6 , respectively (Figure 3 C) . Effect of sodium bicarbonate concentration on drug release from HPMC matrices (A), effect of citric acid on drug release from HPMC matrices (B), effect of sodium bicarbonate concentration on drug release from carbopol matrices (C).
Effect of crospovidone on drug release
Crospovidone is a superdisintegrant, when comes into contact with an aqueous medium swell immediately to at least twice its original volume. Carbopol and HPMC K100M were used simultaneously to form a gel network due to which the swollen mass of crospovidone restrained in the tablet and the tablet does not disintegrate. The effect of crospovidone on drug release profile is presented in figure 4 (A). It is evident that as the concentration of crospovidone increased from 20 mg (FH 3 ) to 50 mg (FH 10 ), the percent cumulative drug released was increased from 31.83% to 46.65% at the end of 4 h. In case of formulation containing 100 mg of crospovidone (FH 11 ), the percent cumulative drug release was found to be 53.56% at the end of 4 h. As the concentration of crospovidone increased, the water uptake capacity of the formulation increased which could have contributed to increase in the drug release from the formulation and also leads to the dimensional instability of the tablet. Based on such findings, less than 50 mg of crospovidone is suggested for the formulation of HPMC based floating tablet.
Crospovidone improved the drug release profile from the carbopol matrix due to its swelling properties. The addition of 50 mg crospovidone to the formulations FC 9 and FC 10 the drug release was increased as compared to the formulations FC 7 and FC 8 and it was found to be 99.92% and 99.95% at the end of 24 h (Figure 4 B) . 
Effect of carbopol on drug release
In order to sustain the drug release for 24 h, carbopol was added due to its high viscosity and swelling properties. Pure carbopol matrices (formulation FC 1 and FC 2 ) sustained the drug release for 24 h and cumulative percentage drug release at the end of 24 h was found to be 41.75% (FC 1 ) and 41.53% (FC 2 ).
Increase in carbopol concentration in carbopol-HPMC combination matrices leads to decrease in drug release ( Figure 5 ). The cumulative percentage drug release was found to be 87.39% (FC 11 ) and 89.08% (FC 12 ) as compared to 99.92% (FC 9 ) and 99.95% (FC 10 ) after 24 h due to the formation of gel layer, which retarded the release of the drug. Change in carbopol grade did not affect the cumulative percentage drug release. 
Effect of carbopol-HPMC combination on drug release
It was found that, alone carbopol retarded the drug release due to early disappearance of CO 2 bubbles. But, in case of formulations containing Carbopol and HPMC combination resulted in swelling, no disappearance CO 2 bubbles and prolonged drug release due to the hydrophilic nature of HPMC was observed. In formulation FC 7 and FC 8 carbopol and HPMC K4M were used in 1:1 ratio. The cumulative percentage drug release was increased in formulation FC 7 (85.71%), FC 8 (86.43%) as compared to FC 3 (41.75%) and FC 4 (41.53%) at the end of 24 h ( Figure 6 ). 
Drug release kinetics
Three major rate controlling mechanisms for controlled or sustained release formulations are diffusion, swelling and disintegration/ erosion (2). The drug release from the polymeric system is generally followed by the diffusion process and best described by Fickian diffusion mechanism. But, in case of formulations containing polymers having swelling property, relaxation of polymer chains, ambition of water, causing the polymers to swell and changing them from initial glassy to rubbery state can also describe the drug release behavior (15) .
The drug dissolution from pharmaceutical dosage forms that do not disaggregate and release the drug slowly can be described by zero order kinetics. where Q 1 is the amount of drug released in time t, Q 0 is the initial amount of drug in the solution and K 1 is the first order release constant. In case of drug release following first order kinetics, a plot of the logarithm of drug released against time will be linear.
Higuchi developed several models to study the release of water soluble and low soluble drugs incorporating in semi solid and or solid matrices. The Higuchi's model is expressed as (16).
where K H is the Higuchi's dissolution constant reflecting the design variables of the system and t is the time in h. Hence, the drug release rate is proportional to the reciprocal of the square root of time. Higuchi described drug release as a diffusion process based on the Fick's law, square root time dependent.
To evaluate the mechanism of drug release from ofloxacin floating tablets, the dissolution data were plotted according to the Korsmeyer equation as log cumulative percentage of drug released against log time, and the exponent n was calculated through the slope of the straight line.
M t /M ∞ = at n where M t /M ∞ is the fractional solute release, t is the release time, K is a kinetic constant characteristic of the drug/ polymer system, and n is an exponent that characterizes the release mechanism. If the value of n is less than or equal to 0.45, it corresponds to a Fickian diffusion mechanism, if the value is greater than 0.45 and less than 0.89, it corresponds to non-Fickian transport, if the value is equal to 0.89, it corresponds to Case II (relaxational) transport, and if it is above 0.89 the release mechanism is super case II transport.
In the present investigation, with an increase in HPMC concentration in HPMC matrices, the drug release followed zero order release profile (formulation FH 2 -FH 4 ). When the higher correlation coefficient values are considered, the released data from the most HPMC based formulations seem to fit better with zero order and Korsmeyer model. The released data from carbopol based formulations seem to fit better with first order and Higuchi model. Further, the n values obtained from the Korsmeyer kinetic model suggested that the drug release mechanism was shifted from Fickian to nonFickian direction with an increased amount of gas generating agent. These findings are not in the support of Khan et al. (17) . In case of tablets containing HPMC alone at the highest concentration of gas generating agent (formulation FH 7 ), the n value obtained from Korsmeyer kinetic model was 1.0408, which indicated super case II transport mechanism of drug release. In HPMC-Carbopol matrices, the best fit with the highest determination r 2 coefficients was shown by both the first order and Higuchi models which indicate the drug release via diffusion mechanism. The n values of 0.5421 to 0.7438 indicated that the drug release mechanism was nonFickian or anomalous diffusion. The kinetic data obtained from in vitro release study are presented in table 4.
On application of two-way ANOVA, a significant difference was observed in the in vitro drug release profiles among the various formulations (FH 1 -FH 11 and FC 1 -FC 12 ) at 95% confidence interval (p<0.0001). Since, the calculated F value is much larger than the table value, the null hypothesis of equal population means was rejected and concluded that there is a (statistically) significant difference between the dissolution profiles. This supports the role of polymer type and concentration in controlling the drug release and also indicates the validity of the developed formulations (Table 5 ). All the calculations were performed using GraphPad Prism v5.1 (GraphPad Prism Software Inc., San Diego, California). 
CONCLUSION
The effervescent-based floating drug delivery is a promising approach to achieve in vitro buoyancy by using the gelforming polymer HPMC K4M, carbopol and gas-generating agent sodium bicarbonate. But, addition of crospovidone in the HPMC and carbopol matrices improves the drug release profile. From the swelling and drug release profile it was found that HPMC/carbopol matrices with crospovidone and sodium bicarbonate showed the best release upto 24 h. From the analysis of data, it was found that the drug was diffused out from the tablets. Mechanism of drug release was found to be anomalous non Fickian drug release.
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